ADDITIONAL INDEX WORDS. greenhouse effluent, nutrient solution, phenolic compounds, Pythium ultimum, water recycling SUMMARY. The objectives of this study were to evaluate the risks and benefits of using artificial wetland-treated waters to irrigate tomato plants (Lycopersicom esculentum) and the potential for suppression of Pythium ultimum. The experiment was conducted in a greenhouse using tap water (control) and treated waters coming from three types of horizontal subsurface flow artificial wetlands filled with pozzolana and implanted with common cattail (Typha latifolia). Wetland units contained either a simple [artificial wetland with sucrose (AWS)] or complex [artificial wetland with compost (AWC)] carbon source or no [artificial wetland with no carbon (AW)] additional carbon source. A complete randomized split-block design comparing root sensitivity to root rot (inoculated and uninoculated plants) in main plots and four nutrient solutions [1) control, 2) treated water from AWS, 3) treated water from AWC, and 4) treated water from AW] in subplots was used in six replications. Tomato plants were inoculated with P. ultimum twice during the experimental period. The use of treated waters reduced the in vivo root Pythium population by 84% and 100% when the treated waters were from AWS and AWC, respectively. In vitro trials showed that sterilization or membrane filtration (0.2 mm) of treated waters significantly reduced the potential for suppression of P. ultimum, suggesting that microbial activity played an important role. On the other hand, all AW-treated waters had a negative effect on root development of uninoculated young tomato plants. Root dry weights of plants irrigated with treated waters was 56% lower than in control plants, while their shoot:root ratio was two times higher for plants irrigated with treated waters. The inoculated and AWC-treated water treatments also reduced the Fv:Fm ratio of dark-adapted leaves, representing the maximum quantum efficiency of photosystem II. Organic compounds present in treated waters, expressed as total and dissolved organic compounds, may have affected tomato root development.
SUMMARY. The objectives of this study were to evaluate the risks and benefits of using artificial wetland-treated waters to irrigate tomato plants (Lycopersicom esculentum) and the potential for suppression of Pythium ultimum. The experiment was conducted in a greenhouse using tap water (control) and treated waters coming from three types of horizontal subsurface flow artificial wetlands filled with pozzolana and implanted with common cattail (Typha latifolia). Wetland units contained either a simple [artificial wetland with sucrose (AWS)] or complex [artificial wetland with compost (AWC)] carbon source or no [artificial wetland with no carbon (AW)] additional carbon source. A complete randomized split-block design comparing root sensitivity to root rot (inoculated and uninoculated plants) in main plots and four nutrient solutions [1) control, 2) treated water from AWS, 3) treated water from AWC, and 4) treated water from AW] in subplots was used in six replications. Tomato plants were inoculated with P. ultimum twice during the experimental period. The use of treated waters reduced the in vivo root Pythium population by 84% and 100% when the treated waters were from AWS and AWC, respectively. In vitro trials showed that sterilization or membrane filtration (0.2 mm) of treated waters significantly reduced the potential for suppression of P. ultimum, suggesting that microbial activity played an important role. On the other hand, all AW-treated waters had a negative effect on root development of uninoculated young tomato plants. Root dry weights of plants irrigated with treated waters was 56% lower than in control plants, while their shoot:root ratio was two times higher for plants irrigated with treated waters. The inoculated and AWC-treated water treatments also reduced the Fv:Fm ratio of dark-adapted leaves, representing the maximum quantum efficiency of photosystem II. Organic compounds present in treated waters, expressed as total and dissolved organic compounds, may have affected tomato root development.
A n open greenhouse production system growing tomatoes yearround generates as much as 3000 to 4500 m 3 of wasted nutrient solution per ha annually, which contains 4 to 10 Mg of environmentally detrimental nutrients such as nitrate , sulfate (SO 4 2-), sodium (Na + ), and phosphorus (Dorais and Dubé, 2011; Lequillec, 2002) . To increase the sustainability of soilless horticulture production systems, nutrient solution recycling, where drained water is collected and returned to the plants, has been used in recent decades. However, specific ions can accumulate to high levels because of plant uptake preferences (NO 3 -vs. SO 4 2-) as well as raw water and fertilizer quality. Consequently, competition between ions may be modified, resulting in reduced crop growth and fruit quality (Dorais et al., 2001; Voogt et al., 2011) . However, recirculation of nutrient solutions increases the risk of root diseases because of the presence of water-borne pathogens, such as Pythium sp. in the effluent (Ehret et al., 2001; Stanghellini and Rasmussen, 1994) . Several approaches for controlling the spread of pathogens are commercially available, but they generally entail large investments and high maintenance and energy costs (Ehret et al., 2001) . Active disinfection methods (e.g., ozonation, ultraviolet light, heat) tend to eliminate nonpathogenic microflora (McPherson et al., 1995) , which therefore cannot play a role in reducing pathogen dissemination. Passive biological methods, such as slow filters, keep most of the natural microflora alive and showed a similar level of efficiency in terms of reducing plant pathogens (Fusarium sp., Pythium sp.) in greenhouse effluents Déniel et al., 2004; Wohanka, 1995) .
The use of artificial wetlands (AWs) for greenhouse wastewater treatment could be an alternative way to reduce the environmental burdens associated with nutrient leaching and consequently to increase the sustainability of greenhouse production systems. AWs exploit natural processes involving macrophytes, soils, and associated microbial communities in treating wastewaters (Stottmeister et al., 2003) . AWs have been found to reduce population of human pathogens (e.g., Escherichia coli, Salmonella sp.) with varying but significant degrees of efficiency (Kadlec and Wallace, 2009 ). For example, Gruyer et al. (2011) showed that AWs were effective in reducing Pythium ultimum and Fusarium oxysporum populations. Previous studies also showed that AWs reduced NO 3 -and SO 4 2-concentrations in agriculture drainage water (Gruyer et al., 2011; Lin et al., 2002; Whitmire and Hamilton, 2005; Xue et al., 1999) . When wastewaters are rich in NO 3 -and SO 4 2-but poor in organic carbon, as is the case with greenhouse effluents, plant exudates and root decomposition may supply the organic carbon needed by microorganisms and consequently stimulate denitrification and sulfate reduction (Gruyer et al., 2011; Lévesque et al., 2011; Park et al., 2008; Prystay and Lo, 2001) . Readily available carbon sources (e.g., glucose, fructose, sucrose) for microorganisms have been used to enhance denitrification and sulfatereduction capacity in carbon-poor effluent (Lévesque et al., 2011; Park et al., 2008) . However, these carbon (C) sources are not sustainable at a commercial scale. On the other hand, it has been shown that a complex source of C, such as compost, provides the required carbon for sulfate reduction (Neculita and Zagury, 2008) . Furthermore, compost gives the filter media some interesting properties, including disease suppression (Raviv, 2011) . However, the accumulation of organic compounds, such as high concentrations of phenolic compounds, in nutrient solutions can have harmful effects on plant growth (Alsanius et al., 2011; Waechter-Kristensen et al., 1999; Yu and Matsui, 1994) . Despite the high potentials of AWs to reduce concentrations of ions, such as NO 3 -and SO 4 2-and pathogen populations in wastewaters, beneficial or negative effects may occur when treated water is used to irrigate horticultural crops. To investigate the effect of treated water on root rot disease suppression and tomato plant development, three nutrient solutions made with AW effluents were compared with a control nutrient solution. The in vivo and in vitro potential of treated waters to suppress the development of P. ultimum on tomato root was then studied.
Materials and methods
EXPERIMENTAL S E T -UP A N D OPERATION. The experiment was conducted using a Venlo-type greenhouse (150 m 2 ) located at Université Laval, Québec City, QC, Canada (lat. 46°46#N, long. 71°16#W). Horizontal subsurface flow artificial wetlands (0.6 · 0.4 · 0.35 m) were filled with pozzolana (10-15 mm diameter) and planted with common cattail 14 months before the beginning of the experiment. The wetland plants and microbial biomass were under steadystate conditions (Gruyer et al., 2011) . Treated water from the following three types of AWS were compared: 1) wetland units receiving a simple source of C [AWS (2 gÁL -1 of sucrose)]; 2) wetland units receiving a complex source of C [AWC (60% w/w of organic materials, dry weight: 10% of maple wood chips, 20% of sawdust from P.W.I. Industries, St-Hyacinthe, QC, Canada, 10% of FERTILO poultry manure from Fafard, St-Bonaventure, QC, Canada, and 20% of leaf compost from the Botanical Garden, Québec City, QC, Canada)]; and 3) wetland units without any source of C (AW), except the organic carbon coming from the root exudates and the microflora. The complex carbon source selected was based on studies conducted by Neculita and Zagury (2008) to ensure optimal sulfate-reducing bacteria activities. The composition of the reactive mixture is important for the efficiency of biological passive systems (Cocos et al., 2002; Zagury et al., 2006) . The porosity of the substrate filter media were 47%, 47%, and 28% for AW, AWS, and AWC, respectively, and the hydraulic retention time was fixed at 5 d for each wetland type. Multiple inlet devices, controlled by timers (13 8-min pulses per day), were used to uniformly distribute the influent to each wetland unit. PLANT MATERIAL. 'Trust FI' tomato seeds (De Ruiter Seeds, Columbus, OH) were sown on 15 Dec. 2010 in PROMIX-BX-Professional (Premier Tech, Rivière-du-Loup, QC, Canada), a peat-based growing media. On 3 Jan. 2011, tomato seedlings were transplanted in 15-cm (2.5 L) plastic pots containing the same peatbased growing medium. Pots were then placed in the greenhouse for 1 week before the start of the experiment to ensure that the plants were developing normally. Growing conditions remained constant during the course of the 8-week experiment: temperature of 22 ± 0.8°C (day) and 17 ± 0.9°C (night); vapor pressure deficit of 1.56 ± 0.08 kPa. Natural daylight for tomato plant was supplemented using high-pressure sodium lamps (100 mmolÁm -2
Ás
-1 ) for a 12-h photoperiod. The experimental design was a randomized splitblock design with six replications: P. ultimum treatments in main plot and treated water nutrient solution treatments in subplots (2 · 4 · 6). Each experimental unit consisted of one plant.
PLANT FERTILIZATION. Plant nutrient solutions were made every day from AW-, AWS-, and AWC-treated waters (Gruyer et al., 2011) . Treated waters were adjusted with mineral elements and tap water to obtain similar balanced nutrient solutions (Table 1) . Tomato plants received 150 mL/plant per day of 1) conventional nutrient solution made with tap water (control); 2) nutrient solution made with AW-treated water; 3) nutrient solution made with AWStreated water; and 4) nutrient solution made with AWC-treated water.
PYTHIUM INOCULATION. A pathogenic strain of P. ultimum was provided by the laboratory of R. Tweddell (Université Laval, Québec City, QC, Canada). The organism was grown on potato dextrose agar [PDA (Difco Laboratories, Detroit, MI)] at 24°C. The propagule suspension was prepared from a liquid culture (250-mL flasks) containing 100 mL of potato dextrose broth [PDB (Difco Laboratories)] incubated on a rotary shaker (150 rpm) at 24°C for 1 week. PDA disks covered with actively growing mycelium of P. ultimum were used to inoculate the flasks (Gravel et al., 2009) . According to the experimental design, half of the plants (n = 24) of each treatment were inoculated with 50 mL of a propagule suspension of P. ultimum (1 · 10 6 propagules/ mL), while the remaining plants (n = 24) received 50 mL of sterile water. Plants were inoculated twice, at 2 weeks and 6 weeks after planting.
MYCELIAL GROWTH EFFECTS. To determine the suppressive effect of wetland effluents on the mycelial growth of P. ultimum, treated (AW, AWS, AWC) samples were incorporated into PDA at 25%, 50%, and 75% v/v concentrations. Tap water samples were used as a control. The difference in water volume was taken into account when preparing the agar. Treated waters were added and mixed with PDA when temperatures were below 40°C and immediately poured into petri dishes. In addition, the effect of sterilized wetland-treated water on mycelium growth was evaluated by incorporating autoclaved (120°C for 20 min) or membrane-filtered (Acrodisc syringe filters, 0.2 mm pore size; Pall Life Sciences, Port Washington, NY) treated waters into PDA (25%, 50%, and 75% v/v), as described above. After the agar had solidified, mycelial disks (5 mm diameter) of the P. ultimum obtained from actively growing colonies were placed in the middle of the agar plates. The petri dishes were then incubated at 24°C for 2 d. Six replications were used for each sample based on completely randomized design. The percentage of inhibition in the radial colony growth was calculated by the following equation: Inhibition = C -T/C · 100, where C = radial growth (millimeters) in the control sample and T = radial growth (millimeters) in the treated sample.
EVALUATION OF ROOT COLONIZA-TION BY THE PATHOGEN. Root colonization by P. ultimum was assessed according to the method described by Chérif et al. (1997) . Three grams of tomato roots were rinsed thoroughly and blended in 100 mL of distilled water; 200 mL was then plated on a Pythium-selective medium (Jeffers and Martin, 1986) . Half of the plants (n = 24) were used to evaluate root colonization by the pathogen, and the rest were used for root growth Any two means within a column not followed by the same letter are significantly different at P £ 0.05 according to Tukey's multiple range test.
• December 2011 21 (6) measurements. Five laboratory replications of each of 24 plants were made to evaluate root colonization by Pythium. Pythium colonies were counted after 72 h of incubation in the dark at 24°C. Results were expressed as number of propagules per gram of fresh roots (Chérif et al., 1997) . EVALUATION OF PLANT GROWTH AND CHL A FLUORESCENCE. Plant growth was evaluated 8 weeks after the beginning of the nutrient solution treatments. The number of leaves per plant was counted, and the total leaf area was measured using a leaf area meter (LI-3100; LI-COR, Lincoln, NE). Roots were carefully washed with water to remove the growing medium. Fresh and dry (5 d at 60°C) weights of leaves, stem, and roots were measured. To compare the effects of treated water and inoculation treatments on plant development, the leaf area ratio [LAR (i.e., leaf area per unit of the whole plant dry biomass), the specific leaf weight [SLW (i.e., leaf weight per unit of leaf area)], and the shoot:root ratio were calculated. Chl a fluorescence was measured on six randomized plants per treatment by using a PEA fluorimeter (Plant Efficiency Analyser, King's Lynn, Norkfolk, UK) to determine the Fv:Fm ratio as an indicator of plant stress. The third fully developed leaf from the apex was adapted to darkness during 20 min before the Chl a fluorescence measurement (van Kooten and Snel, 1990) .
For each plant (n = 48), the microbial activity of the tomato growing medium was evaluated. Three laboratory replications were done. Total enzymatic activity was measured using fluorescein diacetate [FDA (SigmaÒ, St Louis)] according to a protocol adapted from Adam and Duncan (2001) . The amount of fluorescein produced by the hydrolysis of FDA is directly proportional to the microbial population. Two grams of growing medium were placed in 50-mL conical flasks with 15 mL of 60 mM potassium phosphate buffer at pH 7.6, and 200 mL of FDA (2 mgÁmL -1 ) was added to activate the reaction. Samples were incubated for 30 min at 30°C under agitation. The reaction was stopped by adding 15 mL of 2 chloroform:1 methanol (by volume), and the aqueous phase was measured using a spectrophotometer (490 nm, model U-1100; Hitachi, Tokyo).
STATISTICAL ANALYSES. We analyzed the effects of treated water on plant growth and P. ultimum suppression on the studied parameters using the SAS Mixed Model procedures (version 9.0; SAS Institute, Cary, NC). When significant (P £ 0.05), means were compared using Tukey's multiple range test.
Results

PYTHIUM ULTIMUM SUPPRESSION.
The in vitro growth of P. ultimum was significantly inhibited by treated water compared with the tap water control ( Table 2 ). All studied concentrations (25%, 50%, and 75% v/v) had a similar effect on P. ultimum suppression. The inhibition rate was higher (up to 12 times) when crudetreated water was used as opposed to sterile and membrane filtered waters. Sterile and membrane filtered waters had similar effects on P. ultimum suppression. In the case of sterile, membrane filtered, or crude-treated waters, the inhibition rate was higher (P £ 0.001) for the AWS-treated water compared with AW and AWC. Effects of treated water were similar (2.75% to 10.13%) when treated waters were sterilized or membrane filtered, and no significant differences between AW and AWC were observed. However, when crude water was added, the inhibition rate was 1.4 times greater for AWC-treated water compared with AW-treated water, while AWS was 3.6 to 5 times more efficient at inhibiting P. ultimum development. A strong correlation between percentages of inhibition of P. ultimum with the dissolved organic carbon (DOC) content in membrane filtered or crude-treated water (r = 0.81, P < 0.008 and r = 0.97, P < 0.001, respectively) was noticed. Plant irrigated with AWS-and AWC-treated waters reduced the root P. ultimum colonization by 73% and 100%, respectively, compared with the inoculated control plants (Table 3) .
PLANT GROWTH. After 8 weeks of treatment, the total leaf area of plants irrigated with a nutrient solution of treated water from AW was higher than for plants irrigated with tap water and treated water from AWS and AWC [14%, 20%, and 19% higher, respectively (Table 4) ]. However, no significant (P £ 0.05) effect of P. ultimum inoculation or irrigation water treatments was observed for total leaf dry weight, percentage of leaf and stem dry matter, LAR, or SLW. However, the stem dry weight of inoculated plants irrigated with AW-treated waters was higher than that of the uninoculated control plants. In the case of uninoculated plants, the use of treated water significantly reduced root dry weight compared with control plants, while no significant differences were observed between inoculated plants. Similarly, the percentage of root dry matter was significantly lower for uninoculated plants grown with AWtreated water compared with control plants, while no significant differences were observed between the percentages of root dry matter weight of inoculated plants. The shoot:root (Table 4 ). The Fv:Fm ratio for plants irrigated with AWC-treated water was also significantly lower than that of control plants. However, no significant difference was observed between plants irrigated with treated waters (AW, AWS, and AWC).
MICROBIAL ACTIVITY IN THE GROWING MEDIUM. The soil microbial population expressed as enzyme activity was evaluated every week, and no time effects were observed. Plant soil Any two means within a column not followed by the same letter are significantly different at P £ 0.05 according to Tukey's multiple range test.
x Nonsignificant at a = 0.05.
• December 2011 21 (6) inoculation with P. ultimum (15.15 to 18.74 mg fluorescein per gram of soil per hour), irrigation treatments with treated water (18.37 to 16.37 mg fluorescein per gram of soil per hour), or both had no significant effect on the total microbial activity in the tomato rhizosphere.
Discussion
In areas where water resources are scarce, recycled and treated wastewater is being used increasingly for crop irrigation (Angelakis et al., 1999) . The accumulation of organic compounds or the microbial population in the recycled nutrient solution treated by passive biological systems such as slow filter or AWs may play an important role for root disease suppression, and at the same time, may have harmful effects on plant growth and development. For greenhouse AW-treated waters, as minerals such as SO 4 2-and Na + may reach detrimental concentrations for plant growth when the AW design is not optimized for these specific high ion concentrations (N. Gruyer, unpublished data), treated waters have to be blended with freshwater to obtain recommended well-balanced nutrient solution as done in our study. This dilution, however, may reduce the disease suppression potential of the treated water.
In our in vitro assays, we observed that the disease suppressive potential of treated water is the most expressed when the AWs are supplemented with sugar. This suppressive agent is water soluble as it is present in the membrane filtered solution, but is strengthened in the presence of the indigenous microflora (crude-treated water). The biological properties of the treated irrigation water played a major role in the Pythium sp. suppression compared with the significantly, but less important role played by their chemical and physical properties. This is shown by the lower inhibition potential of sterilized (4.07% to 7.56%) and membrane filtered (1.80% to 10.13%) treated waters compared with crude treated water (17.99% to 90.25%). The microflora's potential for suppression of root diseases may result from antagonist microorganisms and their compounds produced (Berger et al., 1996; Chen et al., 1998; McPherson et al., 1995; Postma et al., 2000 Postma et al., , 2005 Stewart-Wide, 2011) . Effluents from slow filters and artificial wetlands are generally rich in Bacillus and Pseudomonas sp. (Déniel et al., 2004; Gruyer et al., 2011) , which may have an antagonist effect against Pythium sp. (Déniel et al., 2004) . The main difference between the control nutrient solution (tap water) and treated water nutrient solutions (AW, AWS, and AWC) was the level of total organic carbon (TOC) and DOC. The organic compounds originated from common cattail root exudates, wetland filter media, and the wetland microbial activity. In our study, the plant density was relatively high (nine plants per unit area of 0.08 m 3 ) resulting in a build-up of root exudates in treated water. Furthermore, in contrast to our previous study (Lévesque et al., 2011) , the wastewater was treated by only one wetland unit, which limits the wetland efficiency in terms of ions (e.g., SO 4 2-) and organic compound removal compared with three units placed in series. To pinpoint the causal agents, chemical characterization of the organic fraction as well as the microbial community composition is needed. In the present study, no qualitative analysis on organic compounds was made. The organic compounds excreted by the plant or by microorganisms could act either antagonistic, neutral, or phytotoxic, depending on concentration and composition. For example, 2,4-diacetylphloroglucinol, phenazine-1-carboxylic acid, and pyoluteorin are all antibiotics produced by microorganisms with antagonistic potential, which were found in the nutrient solution of closed tomato systems (Jung et al., 2002) . Closed systems equipped with slow filters showed higher amounts of benzoic acid, p-hydroxybenzoic acid, and 2,4-diacetylphloroglucinol. Secondary metabolites such as hydrolytic exoenzymes are also often correlated with the biocontrol of plant pathogen (Brand and Alsanius, 2004; Whipps 2001; Woo et al., 1999) .
Our in vivo assay showed for the first time that the use of AW-treated water to irrigate tomato plants significantly reduced the root Pythium population (by up to 100% for AWCtreated water) compared with inoculated control plants. Similar results have been reported for closed systems using a slow filter, with the total microflora having a suppressive effect on plant pathogens (Postma et al., 1999) . However, with respect to root colonization of P. ultimum, these results do not support the finding of our in vitro assay. When the in vivo and in vitro experiments were compared, no relationship was observed between root colonization by P. ultimum and its plate inhibition. This might partly be attributable to the chosen microbiological medium (PDA) in the agar test, which provides a favorable environment for the plant pathogen. However, for inhibition to occur, the causal agent and the pathogen have to be settled in the same site (Whipps 2001) . Furthermore, the site of colonization-the rhizosphere-is a dynamic site with respect to carbon economics resulting in multilateral interactions (Lynch and Whipps, 1990) . However, when we compared the treated water from two added carbon sources, we observed that a simple C source (sucrose) inhibited P. ultimum 90% compared with a complex C source (25%).
These results suggest that treating water through wetlands provided to the wastewater some chemical and biological properties, constituting a preventive means toward P. ultimum infection.
In our study, leaf and stem dry weight, as well as LAR, were unaffected by the P. ultimum inoculation. This result showed that the microflora inhabiting treated water associated with P. ultimum had no significant negative effect on canopy growth. Similar results were obtained in study with tomato plants when both P. ultimum and a strain of Pseudomonas fluorescens with reinforced capacity for 2,4-diacetylphloroglucinol formation were present (Khalil, 2001) . However, plant growth of tomato was affected by the use of AW-treated water. Regardless of the P. ultimum inoculation treatments, all plants irrigated with treated water had a higher shoot:root ratio than control plants because of smaller roots. Control plants had a similar shoot:root ratio to those reported in the literature (Heuvelink and Dorais, 2005) . Although typical ranges of Chl a fluorescence were measured (Bolhar-Nordenkampf and Ö quist, 1993), we observed a negative effect of the inoculated and AWC-treated water treatments on the Fv:Fm ratio of dark-adapted leaves, which represents the maximum quantum efficiency of photosystem II. From these results, we can conclude that P. ultimum inoculation, as well as plant irrigation with AW-treated water negatively affected root growth and development of young tomato plants compared with uninoculated control. It is well known that root development is essential for optimal production since a poor root system limits water and nutrient uptake over time. Jung et al. (2004) , Waechter-Kristensen et al. (1999) , and Yu and Matsui (1994) showed that the presence of organic compounds, such as high concentrations of various phenolic acids, affected root development and growth of tomato. The qualitative and quantitative composition of the organic fraction in the added effluents as well as microbial community composition needs to be characterized to explain the observed root growth limitation in depth.
On the other hand, reducing the organic compounds in treated water that are released from root exudates through the use of several wetland units may decrease the organic effluent (e.g., phenolic compounds) load and consequently the negative impact of treated water on plant growth. However, the reduction in the organic compounds released from the crop and wetland effluents could reduce the disease suppression potential of treated water by up to 10% as shown by a significant effect of sterilized and membrane filtered water on P. ultimum (Table 2 ). In addition, organic compounds from root exudates, along with the C sources added to the wetlands, could also affect the microbial communities and their activities. It is necessary to have a specific knowledge of the compounds that are present and prevailing the environmental conditions (Alsanius et al., 2011) . Further studies should be undertaken to establish the metabolic profile of these biological systems and to identify and monitor the microbial community changes from the viewpoint of composition and functionality, so as to obtain scientific knowledge needed for a closed biological and sustainable production system.
Conclusion
This study clearly showed the potential that wetland-treated waters have for the suppression of P. ultimum. However, treated water had a negative effect on growth and development of young tomato plants, as evidenced mainly expressed by root dry weight and consequently by an unbalanced shoot:root ratio.
From our results, we can conclude that AWs-treated greenhouse effluent blended with freshwater and appropriate nutrients can be a sustainable way to manage greenhouse crop irrigation. The potential and the benefits of using AWs as a low-cost and efficient alternative approach for removing nutrient pollutants and pathogens (Pythium sp. and Fusarium sp.) from greenhouse effluents have been clearly demonstrated (Gruyer et al., 2011; Lévesque et al., 2011) . Commercial validations test using AWstreated water need to be conducted to confirm that there will be no negative effects on long-term crop growth and productivity. Adapted wetland designs in which several units are placed in series and the plant populations are optimized have shown promising results (Lévesque et al., 2011) indicating that this sustainable technology can be applied to the greenhouse industry and horticultural crops. Adam, G. and H. Duncan. 2001 . Development of a sensitive and rapid method for the measurement of total microbial activity using fluorescein diacetate (FDA) in a range of soils. Soil Biol. Biochem. 33:943-951.
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